hand-assisted laparoscopic living donor right hepatectomies in 2007 (15) , the laparoscopy-assisted technique was used for a small number of donors who met strict criteria ( Figure 1A ). The introduction of a flexible 3-dimensional laparoscope for liver surgery in 2015 resulted in more frequent use of the laparoscopy-assisted technique for donor hepatectomy, with the first pure laparoscopic donor right hepatectomy (PLDRH) performed in November 2015 (16) . This PLDRH has cosmetic benefit (ie, the use of a smaller suprapubic incision, which can be hidden by underwear, for graft retrieval).
PLDH was performed until February 2016 in selected donors with no anomalies of the bile duct or portal vein. However, the accumulation of experience and the introduction of an indocyanine green (ICG) near-infrared fluorescence camera for real-time demarcation and cholangiography resulted in the use of the pure laparoscopic method, with no selection criteria (16) (17) (18) , for more than 90% of donor hepatectomies performed since March 2016 ( Figure 1B ).
The aim of this study is to present the outcomes of our initial 1-year experience with PLDH, mostly PLDRH, and to compare these outcomes with those of donors who underwent conventional open donor right hepatectomy. The ultimate goal was to validate the safety and reproducibility of the pure laparoscopic technique when used for living donor right hepatectomy. To the best of our knowledge, this is the first study to report documented and comparative experiences in a sufficient number of donors without any selection criteria.
| MATERIALS AND METHODS

| Patients and data
The institutional review board of Seoul National University Hospital approved this study (IRB no. 1703-087-838). The overview of the study design is summarized in Figure 2 The medical records of all included donors and their recipients were retrospectively reviewed.
| Donor evaluation process
All donors underwent a complete ethical, medical, and anatomical evaluation, including liver dynamic computed tomography (CT), followed by CT volumetry, and magnetic resonance imaging, including magnetic resonance spectroscopy (MRS) and magnetic resonance cholangiopancreatography (MRCP), which has replaced intraoperative cholangiography in our center since 2009 (20) . Liver biopsy samples were selectively obtained from potential donors with fat fraction F I G U R E 1 (A) Annual proportion of donors undergoing PLDH. (B) Monthly proportion of donors undergoing PLDH in 2016. HALS, handassisted laparoscopic surgery; LA, laparoscopy-assisted; PLDH, pure laparoscopic donor hepatectomy >8%-10%, as determined by MRS, considered together with liver function abnormalities, older age, and higher body mass index (BMI).
A short-term weight reduction program, consisting of nutritional support and exercise management, was recommended for donors with fat fraction >8%-10% and when the recipient's condition was acceptable.
Donors were informed of the innovative nature of the procedure and the advantages and disadvantages of PLDH. All donors provided written informed consent after choosing the type of operation.
| Surgical procedure
This study will focus on right hepatectomy because most donors underwent this procedure. The right hepatic duct, the left hepatic duct, and the caudate or aberrant bile duct were clearly visualized by ICG fluorescence cholangiography ( Figure 3E ). The optimal bile duct division point was determined and clamped with double clips on the remnant side of the bile duct ( Figure 3F ). After rechecking the patency of each side of the bile ducts and the common hepatic duct, the optimal division point was cut. The caudate lobe was transected, and the nelaton tube was repositioned to the front of the right posterior Glisson pedicle to lift the remnant posterior part of the liver ( Figure 3G ). After the parenchyma dissection using the hanging maneuver was complete, the right liver was attached only by its vascular structures. A 10-12-cm suprapubic incision was made without opening the peritoneum, and the RHA was divided using a Hem-O-Lok clip and a metal clip. The RPV was transected with an Echelon Flex, taking care that the direction of the stapler did not result in any torsion. The RHV was cut with a unilateral linear stapler (Endo TA; Covidien, Dublin, Ireland). The graft was placed in an endobag and retrieved through the suprapubic incision site. The suprapubic incision was closed, and the pneumoperitoneum was re-insufflated to check for hemostasis, anchor the falciform ligament, and insert a drain.
| Statistical analysis
Results were expressed as mean ± standard deviation or as number and percentage. Continuous variables were compared using Student t tests, and categorical variables were compared using the chi-square 
| RESULTS
| Characteristics and outcomes of subjects undergoing pure laparoscopic liver donation
Grade IIIa
Biliary leakage requiring endoscopic stenting and percutaneous drainage
Complications were graded according to the classification system proposed by Clavien. ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; GGT, γ-glutamyl transferase; GRWR, graft-to-recipient ratio; Hb, hemoglobin; PLDH, pure laparoscopic donor hepatectomy; POD, postoperative day; SD, standard deviation.
postoperative hospital courses are summarized in All grafts were successfully transplanted in the standard fashion. Selection bias and operator-dependent bias were minimized. Table 3 summarizes the demographic characteristics and operative outcomes Preoperative Hb] ×100 was significantly lower in the PLDRH group than in the CDRH group (15.3% vs 18.1%, respectively; P = .020).
| CDRH vs PLDRH
All liver grafts were successfully transplanted in both groups.
Similar percentages of recipients in the 2 groups had early major complications (24.4% vs 26.2%; P = .851) ( Table 4) Three recipients in the CDRH group died, 2 from recurrent hepatocellular carcinoma after 34 and 37 months and 1 from septic shock due to pneumonia at 35 months. In the PLDRH group, 1 recipient died after self-removal of the ECMO line. The 1-and 3-year overall survival rates of patients in the CDRH group were 100.0% and 95.1%, respectively, whereas the 1-month overall survival rate in the PLDRH group was 97.8% (P = .334).
| DISCUSSION
Several factors resulted in the stability, reproducibility, and standardization of our PLDRH technique. First, the surgeon's experience is im- Because bile duct division remains a major issue, ICG near-infrared fluorescence cholangiography may have played a role in saving time, thereby enabling rapid and efficient dissection and increasing the surgeon's confidence with respect to the optimal bile duct division procedure (17) . Liver manipulation is a leading cause of hepatocyte injury during liver surgery (23, 24) . In addition to transection, liver manipulation itself during perihepatic dissection and mobilization can cause hepatocyte injury, leading to increased levels of markers of liver injury, including AST. This may be more pronounced when using a pure laparoscopic procedure because it results in limited feedback; therefore, The longer operation time and longer time to liver removal in the PLDRH group was largely due to the minimum time for CDRH achieved by our center. Two recent studies of PLDRH reported mean operation times of 458.7 and 476 minutes, both longer than in the present study (13, 14) . The percentage of grafts with multiple bile duct openings was significantly higher in the PLDRH group (53.3% vs 26.2%; P = .010).
Pvalue
Despite good quality preoperative MRCP images and real-time ICG fluorescence cholangiography, surgeons may still feel less confident in determining the precise bile duct division point and move to the right side more naturally. Cutting and suturing the remnant donor side of the bile duct may shift the bile division point more to the left side.
However, intracorporeal suturing can be cumbersome as it may take more time and can have a higher risk of strictures or leakages in the remnant bile duct. After 1 donor who underwent intracorporeal bile duct suturing experienced biliary leakage, we routinely double clip at the remnant side when dividing the bile duct. Two clips occupy space, which may shift the division point more to the right than intended.
To overcome drawbacks resulting from the relatively short bile duct and portal vein obtained with dual clips and a stapler, highly experienced surgeons with excellent skills for recipient side operations are required.
Estimated blood loss was significantly higher in the PLDRH than in the CDRH group (436.0 vs 338.1 mL; P = .013). However, the amount of blood loss was estimated by measuring the amount of liquid in the suction bottle, including water, used for irrigation, thus potentially introducing bias; also, the ΔHb% (which is a more reliable value) was significantly lower in the PLDRH group (15.3% vs 18.1%; P = .020), suggesting less actual blood loss. However, 1 recipient (2.2%) had a postoperative hepatic artery problem, requiring thrombectomy and re-anastomosis due to hepatic artery thrombosis. Another 2 recipients required intraoperative revision of hepatic artery anastomosis due to no or weak arterial flow. Intimal dissection was identified in these 2 recipients, 1 at the graft side and the other at the recipient side. Eventually, 2 cases of hepatic artery thrombosis were related to a graft side hepatic artery problem. These 2 cases of PLDRH were performed in August and September, which was the mid-and-late period of the study. The rate of hepatic artery thrombosis was higher than that reported in a previous systematic review (25) and in our previous report (26) . There are several possible reasons for this. groups was not significant, we attempted to avoid these 3 factors after experiencing hepatic artery complications, as hepatic artery thrombosis can be a major problem.
Further studies are needed to confirm the positive effects on quality of life and return to work. However, our previous study showed that the patient satisfaction levels were greater with regard to improved cosmetic outcomes (in cases of minimal incision vs cases of conventional incision) (27) , and we witnessed subjective satisfaction in donors with regard to the small incision and reduced postoperative pain. Additionally, although not significant, there was a decrease in the length of postoperative hospital stay from the first to the last donor who underwent right hepatectomy (correlation coefficient, -0.259; P = .064). When comparing the last 10 PLDRH cases with the CDRH cohort, the duration of hospital stay was significantly shorter (7.4 vs 8.4 days; P = .009).
This study had several limitations. First, it was a retrospective study, forcing us to rely on the completeness of the medical records for our analysis. Second, the sample size was relatively small and the follow-up period was short, but no larger cohorts of donors have been studied to date.
In conclusion, PLDH, primarily right hepatectomy, is a feasible procedure when performed by a highly experienced surgeon and trans- 
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